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Abstract

Background

Although clozapine is the gold-standard for treatment refractory schizophrenia, it has the
worst metabolic profile of all antipsychotics. This is partly mediated by clozapine’s impact
on glucagon-like peptide (GLP-1). There is an absence of robust evidence for effective
treatments for clozapine associated weight gain and metabolic syndrome. Metformin, with
its role in increasing GLP-1 may aid weight loss among people on clozapine.

Methods

We conducted a systematic-review and meta-analysis of metformin versus placebo for
change in weight and metabolic syndrome for people on clozapine without diabetes melli-
tus. We searched the Cochrane Schizophrenia Group’s trial register, Pubmed and Embase,
as well as the following Chinese databases: the Chinese Biomedical Literature Service Sys-
tem and China Knowledge Resource Integrated Database. This was supplemented by
hand searches of key papers.

Results

Eight studies, of which three were from Chinese databases, with 478 participants were
included. We found that metformin was superior to placebo in terms of weight loss (-3.12kg,
95%Cl -4.88kg to -1.37kg) and BMI (-1.18kg/m?, 95%CI -1.76kg/m? to -0.61kg/m?). Metfor-
min significantly improved three of the five components of metabolic syndrome; waist cir-
cumference, fasting glucose and triglycerides. Sensitivity analysis on study quality and
duration did not greatly impact results.
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Conclusions

Metformin led to clinically meaningful weight loss among people on clozapine, and may
reduce the rates of metabolic syndrome. Inclusion of metformin into the treatment protocols
of people on clozapine, as tolerated, should be considered.

Trial Registration
PROSPERO registration number: CRD42015029723

Introduction

Life expectancy for people with schizophrenia is 16.4 years shorter than for the general popula-
tion [1] with 35.1% of excess deaths attributable to cardiovascular disease and diabetes mellitus
[1]. People with schizophrenia are at risk of developing cardio-metabolic disease for several
reasons including a genetic predisposition to developing diabetes [2], reduced physical activity
[3] and the use of antipsychotic medications [4].

Although antipsychotic medications are a core component of treatments for schizophrenia
[5], approximately 20% of patients are treatment refractory, defined as non-response to ade-
quate trials of at least two different antipsychotics [6]. In this situation, Clozapine is the most
effective medication [7] although, unfortunately, it is associated with the highest rates of meta-
bolic syndrome of all antipsychotics [4].

Metabolic syndrome is defined as having at least three of five abnormal results from the fol-
lowing parameters: waist circumference, fasting glucose, High Density Lipoprotein (HDL) cho-
lesterol, Triglycerides, and blood pressure [8]. A recent meta-analysis reported that 51.9% of
people on clozapine had metabolic syndrome compared to 28.2% for olanzapine and 27.9% for
risperidone [4]. In a ten-year follow up of people commenced on clozapine in the USA 43%
developed diabetes with a mean weight gain of over 13.5kg [9].

Although there is increasing evidence for the efficacy of physical activity interventions for
people with schizophrenia [3], poor rates of uptake remains a barrier to their effectiveness. As
a result, there has been growing interest in other interventions such as oral medication. A
recent systematic review of treatments for weight gain associated with clozapine found limited
evidence for the efficacy of, aripiprazole, fluvoxamine and topiramate [10]. At the time of their
search, they identified two randomised control trials of metformin specifically for people on
clozapine, with promising results, but these were insufficient to undertake a meta-analysis.

Among users of all anti-psychotics, there is increasing evidence for metformin for the man-
agement of weight gain [11]. Metformin is a biguanide antihyperglycaemic commonly used in
the management of type 2 diabetes mellitus [12]. It causes mild weight loss in people without
diabetes who are not on antipsychotic medications [13], and reduces fasting glucose, insulin
and, triglyceride levels while increasing high-density lipoprotein (HDL) [14]. Its antihypergly-
caemic properties are mostly attributed to suppression of hepatic gluconeogenesis and
increased peripheral insulin sensitivity [12].

There is also evidence that metformin increases the production of Glucagon-like Peptide
(GLP-1), an intestinal epithelium produced peptide, following food [15]. In turn, GLP-1 stimu-
lates insulin secretion while inhibiting glucagon secretion, and also appears to regulate appetite
by inducing satiety [16]. Metformin’s role in GLP-1 regulation is of particular relevance for
people on clozapine as clozapine disrupts the glucagon-like peptide (GLP-1) pathway in the
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intestinal epithelium, thereby reducing GLP-1 levels [17]. As such, it is possible that metformin
may have greater benefits for people on clozapine than for other anti-psychotics.

To date, no meta-analysis has specifically examined the impact of metformin on weight
gain and metabolic syndrome associated with clozapine. We, therefore, undertook a systematic
review and meta-analysis randomised control trials of metformin on weight and metabolic syn-
drome in people on clozapine.

In particular, our aim was to examine whether metformin was associated with changes in:

1. Body mass
2. metabolic syndrome subcomponents
a. Waist circumference (WC)
b. Fasting Blood Glucose (FBG)
c. HDL
d. Triglycerides (TG)
e. Blood Pressure (BP)

Method
Protocol and registration

This study was registered with PROSPERO (registration number: CRD42015029723), an inter-
national database of prospectively registered systematic reviews [18]. We followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
recommendations for the background, search strategy, methods, results, discussion and con-
clusions [19]. Ethical approval was not required for this manuscript as all included intervention
data has been previously published with ethical approval.

Eligibility criteria

We included all randomised control trials that compared metformin with placebo in people
without diabetes mellitus who were on clozapine. The study had to report on the people on clo-
zapine separately from other antipsychotics. Outcomes of interest included the following:
weight, BMI, waist circumference, fasting blood glucose, blood insulin levels, homeostatic
model assessment (HOMA), triglycerides, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and diastolic and systolic blood pressure. Published data in all languages were
included and translated into English.

Search Strategy

We searched Pubmed, Embase, the Cochrane Schizophrenia Group’s Trials Register, as well as
the following Chinese databases: the Chinese Biomedical Literature Service System and China
Knowledge Resource Integrated Database from inception to 13 November 2015. We also did
hand searches of the references lists of included studies and other key publications. Studies
were limited to humans. In the case of Pubmed, we used the following search terms: (random-
ized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials
OR randomly OR trial) AND (clozapin* OR clozaril OR zaponex OR denzapin* or clopine)
AND metformin AND ((((((clozapin*) OR clozaril) OR zaponex) OR denzapin*) or clopine)
AND antipsychotic[MeSH Terms]).
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Study selection

Studies were included if they were randomised controlled trials. The study had to include par-
ticipants on clozapine who did not have an existing diagnosis of diabetes mellitus. The study
had to have a metformin intervention arm and placebo control arm. Any psychosocial health
intervention, if provided, had to be available to both the metformin and placebo groups. Out-
come data had to include at least one of weight, BMI, waist circumference or fasting glucose.
All studies identified in Pubmed, Embase, the Cochrane Schizophrenia Group’s Trials Regis-
ter were screened at the title and abstract level by two authors (DS and DW). All studies identi-
fied in Chinese databases were screened at the title and abstract level by two authors (DS and
JL). Studies that met the inclusion criteria on title and abstract review, or that could not be
excluded on the basis of information provided in the abstract were reviewed at full text level.
Snowball searches of key papers and the included studies’ reference lists were conducted. Narra-
tive and systematic reviews, posters, conference abstracts, case reports, letters to editors and
other articles that did not meet the inclusion criteria were cross-referenced for additional poten-
tial sources of RCTs. Attempts were made to contact corresponding authors of included studies
in cases where information was missing, particularly when a study included participants on clo-
zapine, but did not specifically report data on this group separately from other antipsychotics.

Data collection process

Data extraction from the English language studies was conducted by two independent research-
ers (DS and DW), while data from the Chinese database studies was extracted by JL. All discrep-
ancies during all stages of study selection, data extraction, and quality assessment were resolved

by re-checking source papers. Data analysis was conducted by two authors (DS and SK).

Data ltems

We extracted data on the following outcomes of interest: weight, BMI, waist circumference,
fasting blood glucose, blood insulin levels, homeostatic model assessment (HOMA), triglycer-
ides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and diastolic and systolic
blood pressure. Data was also extracted on trial duration, country, setting, diagnostic tool,
whether participants were newly commenced on clozapine, mean age for the intervention and
control groups, number of participants on metformin and placebo, gender of participants and
mean dose of metformin.

Outcomes

Where multiple outcome time points were reported in the same study, the data for the last out-
come time point was used. Studies reported either mean endpoint outcome and standard devi-
ation (SD) or mean change in outcome and SD.

The primary outcome was change in weight over time in kilograms (kg). Secondary out-
comes were BMI, waist circumference in centimeters (cm), fasting blood glucose in milligrams
per deciliter (mg/dL), triglycerides in milliMolar per Litre (mmol/L), high-density lipoprotein
(HDL) (mmol/L), diastolic and systolic blood pressure in millimeters of mercury (mmHg),
low-density lipoprotein (LDL) (mmol/L) blood insulin levels in milliUnits per Litre (mU/L),
and homeostatic model assessment (HOMA).

Study quality

Quality of included studies was assessed using the following criteria adapted from Cochrane
Collaboration guidelines: 1) adequate generation of allocation sequence; 2) blinding of
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allocation to conditions to participant and/or assessor; 3) adequate random sequence genera-
tion; 4) pre-specified primary outcome measures; 5) appropriate reporting on missing data; 6)
use of intention to treat analysis, and; 7) other sources of potential bias including pharmaceuti-
cal company funding.

Statistical Analyses

Review Manager version 5.3 for Mac was used for the meta-analyses. Where possible, inten-
tion-to-treat analyses (ITT) were used. Difference in means was the principal summary mea-
sure for all analyses except dropouts, for which risk ratio was used.

We conducted sensitivity analyses on study quality, database source, whether or not the
study included a psychosocial weight loss program in conjunction with both metformin and
placebo, and whether the study endpoint was less than three months.

We assessed heterogeneity using the I” statistic, a measure that does not depend on the
number of studies in the meta-analysis and hence has greater power to detect heterogeneity
when the number of studies is small. I* provides an estimate of the percentage of variability due
to heterogeneity rather than chance alone. An estimate of 50% or greater indicates possible het-
erogeneity, and scores of 75-100% indicate considerable heterogeneity. The I” estimate is cal-
culated using the chi-squared statistic (Q) and its degrees of freedom [19].

The random effects model was used for all the analyses as we could not definitely exclude
between-study variation even in the absence of statistical heterogeneity given the range of medica-
tions under review. For any meta-analysis where there were more than ten studies, we tested for
publication bias using funnel plot asymmetry where low P-values suggest publication bias [19].

Results
Study selection

Eighty-three unique articles were identified in the initial search of the electronic databases (of
which 24 were in Chinese databases). Of these, 65 were excluded at title and abstract level.
Eight were further excluded after review of the full text, with reasons given in Fig 1. Although
ten articles included people on clozapine, only eight provided separate data for clozapine and
so could be included in the review [20-27]. No additional articles were identified in the hand
searches.

Study characteristics

Characteristics of the included studies are presented in Table 1. Of note, none of the studies
looked at clozapine-naive participants, and all but two were conducted exclusively in a hospital
setting. Six out of the eight studies were conducted in China or Taiwan. One study, identified
from the Chinese databases had a psychosocial weight loss intervention for both the metformin
and placebo groups [27]. Two studies, identified in non-Chinese databases, had a psychosocial
weight loss intervention as one component of the study, and included participants on clozapine
and other antipsychotics [24,25]. The author of these studies kindly provided data for just the
participants on clozapine, and only for the metformin and placebo arms that did not involve a
psychosocial weight loss intervention.

Study quality was fair for the five studies identified through non-Chinese databases, but was
poor for the three studies identified in Chinese databases. Four non-Chinese database and no
Chinese database papers reported adequate allocation concealment, and five non-Chinese
database and no Chinese database papers were double blinded. Adequate random sequence
generation was reported in all papers. Primary outcome measures were reported in all papers.
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Eligibility Screening Identification

Included

Fig 1. PRISMA Flow Diagram.
doi:10.1371/journal.pone.0156208.g001

Unique Records identified through

database searching
(n= 83)

v

Full-text articles assessed
for eligibility
(n=18)

Records excluded at title
and abstract level
(n=65)

v

Studies included in
guantitative synthesis
(meta-analysis)
(n=8)

Full-text articles excluded,
with reasons
(n=10)

Reasons for exclusion

- notRCTs

- did not include
participants on
clozapine

- unable to extract
data specifically
for participants on
clozapine

- reported
additional non-
relevant data
from studies
already included
in meta-analsyis

- only metformin
group received
lifestyle
intervention

Missing data were adequately described in all papers. Only three non-Chinese database and no
Chinese database papers reported intention to treat data. No Chinese database papers provided
information of the funding source, while no non-Chinese database paper reported financial
support from a pharmaceutical company.

Eight studies were included in the meta-analysis, providing data for 239 people on metfor-
min and 239 people on placebo. Studies were published between 2008 and 2015. Studies

reported time points from six weeks to six months follow-up.

A meta-analysis of baseline weight and age of participants showed no statistically significant
difference between metformin and placebo groups.
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Study or Subgroup

Mean Difference
IV, Random, 95% ClI

Mean Difference
IV, Random, 95% ClI

1.1.1 weight
Carrizo 2009
Chen 2013
Liu 2012

Wu 2008

Wu 2012

Wu 2014
Subtotal (95% CI)

Heterogeneity: Tau? = 1.03; Chi® = 6.28, df = 5 (P = 0.28); I*> = 20%

-2.03 [-3.59, -0.47]
-1.10 [-6.81, 4.61]
-5.90[-9.92, -1.88]
-4.50[-9.51, 0.51]
3.75 [-7.96, 15.46]
-4.91 [-8.91, -0.91]
-3.12 [-4.88, -1.37]

Test for overall effect: Z = 3.49 (P = 0.0005)

1.1.2 BMI
Carrizo 2009
Chen 2013
Hebrani 2015
wang 2009
Wu 2008

Wu 2012
Subtotal (95% CI)

Heterogeneity: Tau? = 0.15; Chi? = 7.37,df = 5 (P = 0.19); I? = 32%

-0.73 [-1.24, -0.22]
-1.00 [-3.07, 1.07]
0.11 [-2.22, 2.44]
-2.00[-3.01, -0.99]
-1.57 [-2.40, -0.74]

-0.52 [-5.44, 4.40]
-1.18 [-1.76, -0.61]

Test for overall effect: Z = 4.01 (P < 0.0001)

1.1.3 waist
Carrizo 2009
Chen 2013
Hebrani 2015
wang 2009

Wu 2008
Subtotal (95% CI)

Heterogeneity: Tau? = 0.00; Chi%? = 2.30, df = 4 (P = 0.68); |?

-1.60 [-3.50, 0.30]
-0.70 [-6.39, 4.99]
1.00 [-4.06, 6.06]
-2.00[-4.72,0.72]
-3.98 [-8.39, 0.43]
-1.69 [-3.06, -0.32]

Test for overall effect: Z = 2.42 (P = 0.02)

_-_

v

-5 0 5 10
Favours metformin Favours placebo

Fig 2. Forest Plot of Weight, BMI and Waist Circumference*. *weight = body weight in kg; BMI = Body Mass Index in kg/m2; Waist = waist

circumference in cm.

doi:10.1371/journal.pone.0156208.9002

Change in Weight

Seven studies had usable data for change in weight with 151 people on metformin and 154 peo-
ple on placebo (Fig 2). There was a significantly greater weight loss among the metformin
group (-3.12kg, 95%CI -4.88kg to -1.37kg, Z = 3.49, p = 0.0005).

For Body Mass Index (BMI), six studies had usable data with 153 people on metformin and
153 people on placebo (Fig 2). BMI was significantly lower for the metformin group (-1.18kg/
m?, 95%CI -1.76kg/m” to -0.61kg/m?, Z = 4.01, p<0.0001).

Change in Metabolic Syndrome components

Waist circumference. Five studies provided usable data on waist circumference with 151
people on metformin and 152 people on placebo (Fig 2). In the metformin group, waist
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circumference was 1.69cm less than in the placebo group (95%CI -3.06cm to -0.32cm,
Z=242,p=002).

Glucose. For fasting blood glucose, eight studies had usable data for 239 people on metfor-
min and 239 people on placebo (Fig 3). The metformin group had 0.60mg/dL lower fasting
blood glucose than the placebo group (95% CI -1.03mg/dL to -0.17mg/dL, Z = 2.75, p = 0.006).

Triglycerides. Four studies, all with endpoints greater than three months, provided usable
data for triglycerides, with 140 people on metformin and 142 on placebo (Fig 3). People on
metformin had -0.17mmol/L lower triglyceride levels that people on placebo (-0.30mmol/L to
-0.03mmol/L, Z = 2.42, p = 0.02).

HDL. For HDL, four studies, all with endpoints greater than three months, provided
usable data with 140 people on metformin and 142 on placebo (Fig 3). There was no significant
difference between the metformin and placebo groups.

Blood pressure. Three studies, all with endpoints greater than three months, provided
usable data for blood pressure, with 71 people on metformin and 75 people on placebo (Fig 3).
There was no significant difference between the groups for either systolic or diastolic blood
pressure.

Other Results

LDL. Data on LDL was available from three studies, all with endpoints greater than three
months, with 112 people on metformin and 115 people on placebo (Fig 4). There was no statis-
tically significant difference between the metformin and placebo groups.

Insulin. Four studies provided usable data on insulin levels for 132 people on metformin
and 134 people on placebo (Fig 4). Insulin levels were 5.63mU/L lower for the metformin
group (95% CI -9.57 to -1.68, Z = 2.80, p = 0.005).

HOMA. Data on HOMA was available from three studies, all with endpoints greater than
three months, with 121 people on metformin and 124 people on placebo (Fig 4). HOMA was
0.89 lower for the metformin group (95% CI -1.06 to -0.72, Z = 10.45 p<0.0001).

Dropouts

There was no statistically significant difference between the metformin and placebo groups in
terms of dropouts, however only three studies reported any dropouts in either the metformin
or placebo groups.

Sensitivity analyses

Restricting the analyses to better quality studies, all of which were sourced from the non-Chi-
nese databases, did not alter the results for weight, BMI, waist circumference, glucose, LDL or
Insulin. There was no difference for weight, BMI, waist circumference, blood pressure, LDL or
insulin when excluding studies of less than three months, or removing the study where cloza-
pine or placebo were added to a psychosocial weight loss intervention. These results are sum-
marised in S1 Table. For example, weight loss was 2.09kg, (95%CI -3.51kg to -0.66kg, Z = 2.86,
p = 0.004) when the two poor quality studies were excluded, and 1.87kg, (95%CI -3.36kg to
-0.38kg, Z = 2.46, p = 0.01) when three studies reporting data less than three months were
excluded. There were no studies including a lifestyle intervention that provided usable data on
weight.

However, sensitivity analyses did alter the results for other outcomes. For example, remov-
ing studies of less than three months meant the results for glucose were no longer statistically
significant (-0.25mg/dL, 95%CI -0.53 to 0.03, Z = 1.74, p = 0.08). Similarly restricting the
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Mean Difference Mean Difference
Study or Subgroup 1V, Random, 95% CI IV, Random, 95% ClI
1.2.2 Glucose mg/dL
Carrizo 2009 0.10 [-0.44, 0.64] I
Chen 2013 -0.40 [-0.86, 0.06] T
Hebrani 2015 0.00 [-0.43, 0.43] —r
Liu 2012 -1.90 [-2.35, -1.45] —
wang 2009 -0.40 [-0.94, 0.14] —
Wu 2008 -0.54 [-0.79, -0.29] —
Wu 2012 -0.79 [-1.51, -0.07] S E—
Wu 2014 -0.90 [-1.45, -0.35] L
Subtotal (95% Cl)  -0.60 [-1.03, -0.17] S

Heterogeneity: Tau? = 0.32; Chi® = 49.33, df = 7 (P < 0.00001); I> = 86%
Test for overall effect: Z = 2.75 (P = 0.006)

1.2.4 Triglycerides mmol/L

Carrizo 2009 -0.08 [-0.57, 0.41] —r
Chen 2013 0.00 [-0.39, 0.39] ——
Hebrani 2015 -0.12 [-0.88, 0.64]  —
wang 2009 -0.20 [-0.35, -0.05] [ |
Subtotal (95% Cl)  -0.17 [-0.30, -0.03] ¢

Heterogeneity: Tau? = 0.00; Chi? = 1.01, df = 3 (P = 0.80); I = 0%
Test for overall effect: Z = 2.42 (P = 0.02)

1.2.5 HDL mmol/L

Carrizo 2009 0.15 [0.07, 0.23]
Chen 2013 -0.06 [-0.26, 0.14] -
Hebrani 2015 0.12 [-0.01, 0.25] ul
wang 2009 0.01[-0.07, 0.09] ‘
Subtotal (95% CI) 0.07 [-0.02, 0.16]

Heterogeneity: Tau? = 0.00; Chi? = 7.75, df = 3 (P = 0.05); I*> = 61%
Test for overall effect: Z = 1.49 (P = 0.14)

1.2.6 Systolic
Carrizo 2009 -2.50 [-9.09, 4.09] ¢ >
Chen 2013 -1.60[-12.48, 9.28] ¢ >

Heterogeneity: Tau? = 0.00; Chi®* = 0.68, df = 2 (P = 0.71); I> = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

Hebrani 2015 0.10 [-0.49, 0.69]
Subtotal (95% Cl) 0.07 [-0.51, 0.66]

1.2.7 Diastolic

Carrizo 2009 1.20 [-4.00, 6.40] N >
Chen 2013 -1.50 [-6.73, 3.73] ¢ >
Hebrani 2015 -0.23 [-0.80, 0.34]

Subtotal (95% CI) -0.23 [-0.79, 0.33]

Heterogeneity: Tau? = 0.00; Chi® = 0.52,df = 2 (P = 0.77); I*> = 0%
Test for overall effect: Z = 0.79 (P = 0.43)

2 -1 0 1 2
Favours metformin Favours placebo

Fig 3. Forest Plot of Metabolic Syndrome Components (excluding Waist Circumference). HDL = High Density Lipoprotein; Systolic = Systolic Blood
Pressure (in mmHg); Diastolic = Diastolic Blood Pressure (in mmHg).

doi:10.1371/journal.pone.0156208.g003
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Mean Difference Mean Difference
Study or Subgroup 1V, Random, 95% ClI 1V, Random, 95% ClI
1.3.2 LDL mmol/L
Carrizo 2009 -0.05 [-0.52, 0.42]
Hebrani 2015 -0.15 [-0.56, 0.26]
wang 2009 -0.10 [-0.35, 0.15]
Subtotal (95% CI) -0.10 [-0.30, 0.09] {

Heterogeneity: Tau? = 0.00; Chi? = 0.10, df = 2 (P = 0.95); I = 0%
Test for overall effect: Z = 1.03 (P = 0.30)

1.3.3 Insulin mU/L

Carrizo 2009 -2.90 [-5.45, -0.35] —
Chen 2013 -5.60 [-10.84, -0.36] =

wang 2009 -3.00 [-6.54, 0.54] ——r
Wu 2008 -12.67 [-17.79, -7.55] —

Subtotal (95% CI) -5.63 [-9.57, -1.68] —tl——

Heterogeneity: Tau? = 11.80; Chi? = 12.15, df = 3 (P = 0.007); I*> = 75%
Test for overall effect: Z = 2.80 (P = 0.005)

1.3.4 HOMA
Carrizo 2009 -0.50[-1.34, 0.34] .
Chen 2013 ~1.60 [-3.15, -0.05] —

wang 2009 -0.90 [-1.07, -0.73] ’

Subtotal (95% CI) -0.89 [-1.06, -0.72]

Heterogeneity: Tau? = 0.00; Chi? = 1.65, df = 2 (P = 0.44); I*> = 0%
Test for overall effect: Z = 10.45 (P < 0.00001)

-10 -5 0 5 10
Favours [experimental] Favours [control]

Fig 4. Forest Plot of LDL, Insulin and HOMA*. * LDL = Low Density Lipoprotein; HOMA = Homeostatic Model Assessment.

doi:10.1371/journal.pone.0156208.9004

analyses to better quality studies altered the results for triglycerides (-0.04, 95% -0.33 to 0.24,
Z=0.30, p = 0.76 and HOMA (-0.85, 95%CI -1.85 t0 0.15, Z = 1.66, p = 0.10).

By contrast, removing one poor quality study that included a psychosocial weight loss inter-
vention changed the non-significant results for HDL with people on metformin having signifi-
cantly higher HDL levels than placebo (0.10mmol/L, 95%CI 0.00mmol/L to 0.20mmol/L,
Z=1.93,p=0.05)

Publication Bias

There were insufficient studies to test for publication bias.

Discussion

This study is the first systematic review and meta-analysis to specifically examine the impact of
metformin on weight, BMI and metabolic syndrome components for people on clozapine. Pre-
vious systematic reviews have considered antipsychotic agents in general [11,28,29]. One did
include a sub-analysis of people on clozapine for a restricted range of variables [11]. We were
able to include three additional studies and conduct analyses on all components of metabolic
syndrome. A particular strength was the use of Chinese databases to search for papers that did
not appear in the Cochrane Schizophrenia Group’s trial register, PubMed or Embase. There is
increasing discussion in the epidemiological literature regarding searches of Chinese databases
[30,31]. By accessing Chinese databases we were able to identify three additional studies and
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thus able to include eight studies with 478 participants in the meta-analysis. Although the stud-
ies accessed from Chinese databases had a higher risk of bias than those identified through the
other databases, sensitivity analyses of excluding them did not alter the significance of most
variables.

We found that metformin was superior to placebo in terms of weight loss and BMI, and that
this weight loss was clinically meaningful. St Jeor et al (1999) defined a clinically meaningful
weight change as being greater than 2.3kg,based on findings from a US observational study of
adults [32]. Metformin also significantly improved three of the five components of metabolic
syndrome, namely, waist circumference, fasting glucose and triglycerides.

Study duration did not appear to have a large impact on the results, with the exclusion of
studies with endpoints less than three months only altering the significance for fasting glucose.
This is in keeping a previous large study of people with type 2 diabetes not on clozapine, with
fasting glucose and HbAlc remaining stable after 5 weeks to the study endpoint of 29 weeks [33].

There were several limitations of this study. All but two of the studies drew participants
exclusively from a hospital setting. It is possible that the controlled environment of a hospital
may differ in terms of diet and access to exercise when compared to a community setting. In
addition, participants in all but two of the studies were from China and Taiwan; this may affect
the generalisability of our findings given that the criteria for metabolic syndrome, notably
waist circumference, differ between Caucasian and Asian populations [8]. In this regard, an
earlier small meta-analysis of metformin for weight loss among people on antipsychotics noted
a larger magnitude of weight loss among Asian compared to Hispanic populations [28]. There
were insufficient data to comment on rates of adverse drug reactions between the metformin
and placebo groups. However we did assess for drop-outs and, importantly, there was no statis-
tically significant difference in discontinuation rates between the groups. Finally, many of our
results showed heterogeneity. We conducted sensitivity analyses and have used a random
effects model throughout to incorporate heterogeneity into our analysis, however these results
should still be treated with caution. Only one of the included studies reported on whether
study participants met threshold criteria for the metabolic syndrome components at the end of
the study period [21], and as such, we were unable to conduct a meaningful meta-analysis. We
are unable to comment on whether metformin has an impact on resolution of individual
abnormal metabolic syndrome components or on total criteria for metabolic syndrome.

Although these results suggest modest reversal of clozapine associated weight gain, primary
prevention of weight gain would be more valuable. Further research into the concomitant com-
mencement of clozapine and metformin for the prevention of weight gain is needed. Addition-
ally, examination of other hypoglycaemic agents, such as GLP-1 agonists (e.g. exenatide)
[17,34] for weight loss for people on clozapine may provide additional weight loss options.

Given the promising results for metformin for weight loss for people on clozapine, pathways
to metformin commencement need to be examined. Traditionally, psychiatrists have pre-
scribed non-psychiatric medications for management of antipsychotic ADRs, such as the use
of benztropine for antipsychotic induced extrapyramidal side effects. With appropriate train-
ing, psychiatrists should be competent to prescribe metformin for people on clozapine with
metabolic syndrome but without diabetes. For psychiatrists who are not yet comfortable to
directly prescribe metformin, they should be building strong collaborative partnerships with
primary care, and encouraging their primary care colleagues to prescribe metformin.

Conclusions

The clinically relevant weight loss of over 3kg associated with metformin use suggests that met-
formin could be an appropriate adjuvant for people on clozapine who are overweight and
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obese. It may be worth adding metformin, as tolerated, to the treatment protocols for people
with obesity on clozapine.

The impact on metabolic syndrome components is also promising. Further research is
needed to examine the effect of concomitant commencement of clozapine and metformin ver-
sus clozapine and placebo to prevent weight gain and the development of type 2 diabetes in clo-
zapine naive people with treatment refractory schizophrenia.

Supporting Information

S1 Table. Sensitivity Analysis. * All high quality studies were sourced from the non-Chinese
databases; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein.
(DOCX)

S2 Table. PRISMA Checklist.
(DOC)

Acknowledgments

The authors would like to thank Dr Ren-Rong Wu for providing data specifically for people on
clozapine from her two included RCTs.

Author Contributions

Conceived and designed the experiments: DS SK AR. Performed the experiments: DS JL DW
SK. Analyzed the data: DS SK. Contributed reagents/materials/analysis tools: DS JL DW SK.
Wrote the paper: DS JL DW SK AR.

References

1. Lawrence D, Hancock KJ, Kisely S (2013) The gap in life expectancy from preventable physical illness
in psychiatric patients in Western Australia: retrospective analysis of population based registers. BMJ
346: f2539. doi: 10.1136/bm|.f2539 PMID: 23694688

2. Ryan MCM, Collins P, Thakore JH (2003) Impaired fasting glucose tolerance in first-episode, drug-
naive patients with schizophrenia. Am J Psychiatry 160: 284-289. PMID: 12562574

3. Rosenbaum S, Tiedemann A, Sherrington C, Curtis J, Ward PB (2014) Physical activity interventions
for people with mental iliness: a systematic review and meta-analysis. J Clin Psychiatry 75: 964-974.
doi: 10.4088/JCP.13r08765 PMID: 24813261

4. Mitchell Ad, Vancampfort D, Sweers K, van Winkel R, Yu W, De Hert M (2013) Prevalence of metabolic
syndrome and metabolic abnormalities in schizophrenia and related disorders—a systematic review
and meta-analysis. Schizophr Bull 39: 306—-318. doi: 10.1093/schbul/sbr148 PMID: 22207632

5. National Institute for Health and Care Excellence (2014) Psychosis and schizophrenia in adults: treat-
ment and management NICE clinical guideline 178. London: National Institute for Health and Care
Excellence.

6. Agid O, Arenovich T, Sajeev G, Zipursky RB, Kapur S, et al (2011) An algorithm-based approach to
first-episode schizophrenia: response rates over 3 prospective antipsychotic trials with a retrospective
data analysis. J Clin Psychiatry 72: 1439-1444. doi: 10.4088/JCP.09m05785yel PMID: 21457676

7. Kane J, Honigfeld G, Singer J, Meltzer H (1988) Clozapine for the treatment-resistant schizophrenic. A
double-blind comparison with chlorpromazine. Arch Gen Psychiatry 45: 789-796. PMID: 3046553

8. Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, et al (2009) Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiol-
ogy and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of
Obesity. Circulation 120: 1640-1645. doi: 10.1161/CIRCULATIONAHA.109.192644 PMID: 19805654

9. Henderson DC, Nguyen DD, Copeland PM, Hayden DL, Borba CP, et al (2005) Clozapine, diabetes
mellitus, hyperlipidemia, and cardiovascular risks and mortality: results of a 10-year naturalistic study. J
Clin Psychiatry 66: 1116—1121. PMID: 16187768

PLOS ONE | DOI:10.1371/journal.pone.0156208 June 15,2016 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156208.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156208.s002
http://dx.doi.org/10.1136/bmj.f2539
http://www.ncbi.nlm.nih.gov/pubmed/23694688
http://www.ncbi.nlm.nih.gov/pubmed/12562574
http://dx.doi.org/10.4088/JCP.13r08765
http://www.ncbi.nlm.nih.gov/pubmed/24813261
http://dx.doi.org/10.1093/schbul/sbr148
http://www.ncbi.nlm.nih.gov/pubmed/22207632
http://dx.doi.org/10.4088/JCP.09m05785yel
http://www.ncbi.nlm.nih.gov/pubmed/21457676
http://www.ncbi.nlm.nih.gov/pubmed/3046553
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/16187768

@’PLOS ‘ ONE

Metformin Clozapine Obesity

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Whitney Z, Procyshyn RM, Fredrikson DH, Barr AM (2015) Treatment of clozapine-associated weight
gain: a systematic review. Eur J Clin Pharmacol.

Zheng W, Li X-B, Tang Y-L, Xiang Y-Q, Wang C-Y, de Leon J (2015) Metformin for Weight Gain and
Metabolic Abnormalities Associated With Antipsychotic Treatment: Meta-Analysis of Randomized Pla-
cebo-Controlled Trials. J Clin Psychopharmacol 35: 499-509.

Kirpichnikov D, McFarlane S|, Sowers JR (2002) Metformin: an update. Ann Intern Med 137: 25-33.
PMID: 12093242

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, et al (2002) Reduction in the inci-
dence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 346: 393—-403. PMID:
11832527

Salpeter SR, Buckley NS, Kahn JA, Salpeter EE (2008) Meta-analysis: metformin treatment in persons
at risk for diabetes mellitus. Am J Med 121: 149-157.e2. doi: 10.1016/j.amjmed.2007.09.016 PMID:
18261504

Mannucci E, Ognibene A, Cremasco F, Bardini G, Mencucci A, et al (2001) Effect of metformin on glu-
cagon-like peptide 1 (GLP-1) and leptin levels in obese nondiabetic subjects. Diabetes Care 24: 489—
494. PMID: 11289473

Holst JJ (2007) The physiology of glucagon-like peptide 1. Physiol Rev 87: 1409-1439. PMID:
17928588

Mayfield K, Siskind D, Winckel K, Russell A, Kisely S, et al (2015) Glucagon-like peptide-1 agonists
combating clozapine- associated obesity and diabetes. Journal of Psychopharmacology in press.

Booth A, Clarke M, Dooley G, Ghersi D, Moher D, et al (2012) The nuts and bolts of PROSPERO: an
international prospective register of systematic reviews. Syst Rev 1: 2. doi: 10.1186/2046-4053-1-2
PMID: 22587842

(2011) Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. The Cochrane
Collaboration.

Hebrani P, Manteghi AA, Behdani F, Hessami E, Rezayat KA, et al (2015) Double-blind, randomized,
clinical trial of metformin as add-on treatment with clozapine in treatment of schizophrenia disorder. J
Res Med Sci 20: 364-371. PMID: 26109992

Chen C-H, Huang M-C, Kao C-F, Lin S-K, Kuo P-H, et al (2013) Effects of adjunctive metformin on met-
abolic traits in nondiabetic clozapine-treated patients with schizophrenia and the effect of metformin dis-
continuation on body weight: a 24-week, randomized, double-blind, placebo-controlled study. J Clin
Psychiatry 74: e424—e430. doi: 10.4088/JCP.12m08186 PMID: 23759461

Liu H (2012) Effects of metformin hydrochloride on body mass and blood sugar of convalescence
schizophrenics on clozapine. J Clin Psychosom Dis 18: 97-98.

Carrizo E, Fernandez V, Connell L, Sandia I, Prieto D, et al (2009) Extended release metformin for met-
abolic control assistance during prolonged clozapine administration: a 14 week, double-blind, parallel
group, placebo-controlled study. Schizophr Res 113: 19-26. doi: 10.1016/j.schres.2009.05.007 PMID:
19515536

Wu R-R, Zhao J-P, Jin H, Shao P, Fang M-S, et al (2008) Lifestyle intervention and metformin for treat-
ment of antipsychotic-induced weight gain: a randomized controlled trial. JAMA 299: 185—-193. doi: 10.
1001/jama.2007.56-b PMID: 18182600

Wu R-R, Jin H, Gao K, Twamley EW, Ou J-J, et al (2012) Metformin for treatment of antipsychotic-
induced amenorrhea and weight gain in women with first-episode schizophrenia: a double-blind, ran-
domized, placebo-controlled study. Am J Psychiatry 169: 813—-821. doi: 10.1176/appi.ajp.2012.
11091432 PMID: 22711171

Wu W, Wang SR, Liu H (2014) Metformin hydrochloride auxiliary clozapine impact on patients weight
and blood sugar treatment refractory schizophrenia. Chinese People's Health 26: 68—69.

Wang X (2009) Metformin with Lifestyle Intervention in Treatment of Clozapine-induced Metabolic Dis-
orders. Chinese General Practice 12: 840-842.

Bjérkhem-Bergman L, Asplund AB, Lindh JD (2011) Metformin for weight reduction in non-diabetic
patients on antipsychotic drugs: a systematic review and meta-analysis. J Psychopharmacol 25:299—
305. doi: 10.1177/0269881109353461 PMID: 20080925

Choi Y-J (2015) Efficacy of adjunctive treatments added to olanzapine or clozapine for weight control in
patients with schizophrenia: a systematic review and meta-analysis. ScientificWorldJournal 2015:
970730. doi: 10.1155/2015/970730 PMID: 25664341

Cohen JF, Korevaar DA, Wang J, Spijker R, Bossuyt PM (2015) Should we search Chinese biomedical
databases when performing systematic reviews? Syst Rev 4: 23. doi: 10.1186/s13643-015-0017-3
PMID: 25874584

PLOS ONE | DOI:10.1371/journal.pone.0156208 June 15,2016 14/15


http://www.ncbi.nlm.nih.gov/pubmed/12093242
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://dx.doi.org/10.1016/j.amjmed.2007.09.016
http://www.ncbi.nlm.nih.gov/pubmed/18261504
http://www.ncbi.nlm.nih.gov/pubmed/11289473
http://www.ncbi.nlm.nih.gov/pubmed/17928588
http://dx.doi.org/10.1186/2046-4053-1-2
http://www.ncbi.nlm.nih.gov/pubmed/22587842
http://www.ncbi.nlm.nih.gov/pubmed/26109992
http://dx.doi.org/10.4088/JCP.12m08186
http://www.ncbi.nlm.nih.gov/pubmed/23759461
http://dx.doi.org/10.1016/j.schres.2009.05.007
http://www.ncbi.nlm.nih.gov/pubmed/19515536
http://dx.doi.org/10.1001/jama.2007.56-b
http://dx.doi.org/10.1001/jama.2007.56-b
http://www.ncbi.nlm.nih.gov/pubmed/18182600
http://dx.doi.org/10.1176/appi.ajp.2012.11091432
http://dx.doi.org/10.1176/appi.ajp.2012.11091432
http://www.ncbi.nlm.nih.gov/pubmed/22711171
http://dx.doi.org/10.1177/0269881109353461
http://www.ncbi.nlm.nih.gov/pubmed/20080925
http://dx.doi.org/10.1155/2015/970730
http://www.ncbi.nlm.nih.gov/pubmed/25664341
http://dx.doi.org/10.1186/s13643-015-0017-3
http://www.ncbi.nlm.nih.gov/pubmed/25874584

@’PLOS ‘ ONE

Metformin Clozapine Obesity

31.

32.

33.

34.

Xia J, Wright J, Adams CE (2008) Five large Chinese biomedical bibliographic databases: accessibility
and coverage. Health Info Libr J 25: 55-61. doi: 10.1111/j.1471-1842.2007.00734.x PMID: 18251914

St Jeor ST, Brunner RL, Harrington ME, Scott BJ, Daugherty SA, et al (1997) A classification system to
evaluate weight maintainers, gainers, and losers. J Am Diet Assoc 97: 481-488. PMID: 9145085
DeFronzo RA, Goodman AM (1995) Efficacy of metformin in patients with non-insulin-dependent diabe-
tes mellitus. The Multicenter Metformin Study Group. N Engl J Med 333: 541-549. PMID: 7623902

Mayfield K, Siskind D, Winckel K, Hollingworth S, Kisely S, Russell AW (2015) Treatment of clozapine-
associated obesity and diabetes with exenatide (CODEX) in adults with schizophrenia: study protocol
for a pilot randomised controlled trial. British Journal of Psychiatry Open 1: 67-73.

PLOS ONE | DOI:10.1371/journal.pone.0156208 June 15,2016 15/15


http://dx.doi.org/10.1111/j.1471-1842.2007.00734.x
http://www.ncbi.nlm.nih.gov/pubmed/18251914
http://www.ncbi.nlm.nih.gov/pubmed/9145085
http://www.ncbi.nlm.nih.gov/pubmed/7623902

